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ESI–TOF-MSPhenolics including ﬂavonoids are suggested to be the major bioactive compounds contributing to the health
beneﬁts of fruits and vegetables. The objective of the study was to determine the total phenolic and ﬂavonoid
contents, oxygen radical absorbance capacity (ORAC), peroxyl radical scavenging capacity (PSC), cellular antiox-
idant activity (CAA) and antiproliferative properties of selected cerrado fruits named gabiroba (Campomanesia
cambessedeana Berg), murici (Byrsonoma verbascifolia Rich) and guapeva (Pouteria guardneriana Radlk).
Gabiroba fruit showed the highest amount of total phenolics (851.0 ± 40.7 mg/100 g fruit) and the highest an-
tioxidant activity for both the performed assays (ORAC 8027.5 ± 378.6 μmol TE/100 g fruit and PSC 2342.5 ±
48.1 μmol AAE/100 g fruit). Gabiroba fruit and the pulp of guapeva had the highest antiproliferative capacity
with the lowest EC50 40.7 ± 4.8 mg/mL and 37.9 ± 2.2 mg/mL, respectively. The results for the analyzed fruits
for CAA were not signiﬁcantly different from each other (p b 0.05) (murici 41.3 ± 17.8; gabiroba 33.9 ± 18.8
and the pulp of guapeva 23.3 ± 4.2 μmol quercetin/100 g fruit). More than 30 phenolic compounds in the
pulp of guapeva, gabiroba and murici extracts were identiﬁed in the present study using ESI–TOF-MS. These re-
sults characterized for the ﬁrst time the functional activity of selected Brazilian fruits and demonstrated the im-
portance of these fruits from cerrado biome.
© 2013 Elsevier Ltd. All rights reserved.1. Introduction
Cancer is a major public health problem across the world. It
has been reported that more than 30% of human cancers could be
prevented by an alternative strategy of appropriate dietary modiﬁca-
tion (Liu, 2003 and Liu, 2004).
The antioxidant activity of fruits is noteworthy, several associa-
tions have been made between fruit and vegetable intake and a re-
duced risk of cancer and incidences of chronic and degenerative
diseases (Chu, Sun, Wu, & Liu, 2002; Liu, 2003). Fruits are rich in bio-
active phenolic compounds such as ﬂavonoids, phenolic acids, stil-
benes, coumarins, and tannins, which have important roles in free
radical scavenging (Kim et al., 2011; Roesler, Catharino, Malta,
Eberlin, & Pastore, 2008; Wolfe et al., 2008). The antioxidant activity
and the anticarcinogenic and antimutagenic effects of phenolic com-
pounds have been widely reported. In fact, phenolics have shown to
be capable of inhibiting cell proliferation in vitro (Kim et al., 2010;treet, 80, Department of Food
of Campinas, Campinas — SP,
l. Tel.: +55 19 35214090; fax:
ence, Cornell University, Ithaca,
8.
ta), rl23@cornell.edu (R.H. Liu).
rights reserved.Meyers, Watkins, Pritts, & Liu, 2003). Over recent years, a large use
of different in vitro chemical assays has been employed in order to
evaluate the antioxidant properties and the phenolic content of fruits
(Goncalves, Genovese, & Fett, 2011; Mertz, Gancel, Gunata, Alter, &
Dhuique-Mayer, 2009; Sdiri, Navarroa, Monterdea, Benabdab, &
Salvadora, 2012; Serc, Ozgen, Torun, & Ercis, 2010).
Brazil boasts a large number of underexploited native and exotic
fruit species which are of a potential interest in the agroindustry and a
possible future source of income for the local population (Almeida et
al., 2011). However, there are several exotic Brazilian fruit that have
not been studied yet for their antioxidant potential, as also other func-
tional capacities such as antiproliferative activity. The native fruits
from Brazilian savanna are arousing increasing interest due to their nu-
tritional and functional properties combined with the potential to add
value and conserve the biodiversity of this biome (Rocha et al., 2011).
The cerrado is the second largest biome in South America, after the
Amazon rainforest. In the last 30 years, progressive mechanization
with improved techniques for clearing and fertilizing the land has con-
tributed to the accelerated destruction of the natural vegetation, and it
is estimated that 40% of the cerrado biome has already been deforested
(Roesler, Catharino, Malta, Eberlin, & Pastore, 2007). Searching for an
economically viable and environmentally friend application of Brazilian
cerrado natural resources is highly important and equally urgent in
order to avoid the total destruction of natural vegetation and cerrado
biodiversity (Roesler et al., 2008).
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species that play an important role in folk medicine (Paula, Paula,
Barra, Rezende, & Ferreira, 2008). The use of natural medicine for
the treatment of many diseases is well disseminated worldwide.
Some studies have focused on the history of plant use from an
ethnopharmacological perspective. The rich ﬂora of the cerrado
biome in Brazil has been poorly studied in order to evaluate the efﬁ-
cacy and therapeutic effects of crude extracts or isolated compounds
obtained from a wide range of plant families. It has been demonstrat-
ed that some of the extracts or active principles obtained from plants
have a broad spectrum of biological activities, including analgesic and
anti-inﬂammatory properties (Junior et al., 2009).
This study analyzed three selected fruits from cerrado biome,
gabiroba, murici and guapeva. The objectives were to (i) measure the
total phenolic and ﬂavonoid contents; (ii) determine the in vitro antiox-
idant capacity using Oxygen Radical Absorbance Capacity (ORAC) and
Peroxyl Radical Scavenging Capacity (PSC)methods, and Cellular Antiox-
idant Activity (CAA); (iii) determine the antiproliferative activity on
human liver cancer cell growth in vitro and (iv) identify the phenolic
compounds (ESI–TOF-MS).
2. Material and methods
2.1. Chemicals
All chemicals used in the study, such as methanol, acetone, sodium
carbonate, potassium phosphate, hydrochloric acid (HCl), acetic acid
were of analytical grade and were purchased from Mallinckrodt
Chemicals (Phillipsburg, NJ). Gallic acid was from ICN Biomedical Inc.
(Costa Mesa, CA). 2′,7′-Dichloroﬂuorescin diacetate (DCFH-DA), ﬂuores-
cein disodium salt, 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid (Trolox), Folin–Ciocalteu reagent, ascorbic acid, catechin, quercetin
dehydrate, ethanol (EtOH, anhydrous, 200 proof), sodium borohydride
(NaBH4, reagent grade), chloranil (analytical grade), and vanillin (analyt-
ical grade) were purchased from Sigma-Aldrich, Inc. (St. Louis, MO). Tet-
rahydrofuran (THF, analytical grade), aluminum chloride (AlCl3 ∗ 6H2O,
analytical grade) and dimethyl sulfoxide (DMSO) were obtained from
Fisher Scientiﬁc (Pittsburgh, PA), and 2,2′-azobis (2-amidinopropane)
dihydrochloride (ABAP) was purchased fromWako Chemicals USA, Inc.
(Richmond, VA). HepG2 liver cancer cells were obtained from the
American Type Culture Collection (ATCC) (Rockville, MD). Williams'
Medium E (WME) and Hanks' Balanced Salt Solution (HBSS) were pur-
chased from Gibco Life Technologies (Grand Island, NY). Fetal bovine
serum (FBS) was obtained from Atlanta Biologicals (Lawrenceville, GA).
2.2. Extract preparation
Ripe fruits, gabiroba (Campomanesia cambessedeana Berg), murici
(Byrsonoma verbascifolia Rich) and guapeva (Pouteria guardneriana
Radlk), were obtained from the Boa Vista farm in the city of Itapirapuã,
Goiás/Brazil. All fruits were washed. While the whole gabiroba fruit
andmurici fruit were used for the analyses, the guapeva fruit was peeled
and its seeds were carefully removed. First, the fruits were lyophilized
and then they were homogenized with Polytron homogenizer for
10 min in chilled 80% acetone (1:2, w/v). The homogenateswere ﬁltered
throughWhatman no. 1 paper, and the ﬁltrates were evaporated to dry-
ness under vacuum at 45 °C. The samples were reconstituted in 70%
methanol and stored at−40 °C. Before use, themethanol was evaporat-
ed under a stream of nitrogen, and the fruit extracts were reconstituted
in water. The extractions were done in triplicate.
2.3. Preparation of solutions
A 200 mM stock solution of DCFH-DA in methanol was prepared,
aliquoted, and stored at −20 °C. A 200 mM ABAP stock solution in
water was prepared, and aliquots were stored at −40 °C. Quercetinsolutions were prepared in DMSO before further dilution in treatment
medium (WME with 2 mM L-glutamine and 10 mM Hepes).
2.4. Cell culture
HepG2 cells were grown in growth medium (WME supplemented
with 5% FBS, 10 mM Hepes, 2 mM L-glutamine, 5 μg/mL insulin,
0.05 μg/mL hydrocortisone, 50 units/mL penicillin, 50 μg/mL strepto-
mycin, and 100 μg/mL gentamicin) and were maintained at 37 °C and
5% CO2 as described previously by Liu et al. (1994) and Wolfe and Liu
(2007). Cells used in this study were between passages 12 and 32.
2.5. Determination of total phenolic content
The total phenolic contents of the investigated fruits weremeasured
using a modiﬁed colorimetric Folin–Ciocalteu method (Singleton,
Orthofer, Lamuela-Ravento, & Lester, 1999; Wolfe & Liu, 2007). Vol-
umes of 0.5 mL of deionized water and 0.125 mL of diluted fruit ex-
tracts (at 25 mg/mL) were added to a test tube. Folin–Ciocalteu
reagent (0.125 mL) was added to the solution and allowed to react for
6 min. Then, 1.25 mL of 7% sodium carbonate solution was aliquoted
into the test tubes, and themixture was diluted to 3 mLwith deionized
water. The color was developed for 90 min, and the absorbance was
read at 760 nm using aMRX II Dynex spectrophotometer (Dynex Tech-
nologies, Inc., Chantilly, VA). Themeasurementwas compared to a stan-
dard curve of gallic acid concentrations and expressed as milligrams of
gallic acid equivalents (GAE) per 100 g of fresh fruit ± Standard devia-
tion (SD) for triplicate fruit extracts.
2.6. Determination of total ﬂavonoid content
The total ﬂavonoid content of the fruit extracts was determined
using the sodium borohydride/chloranil-based assay developed by
our laboratory (He, Liu, & Liu, 2008). Brieﬂy, 4 mL extracts of tested
samples were added into test tubes (15 × 150 mm), then dried to
dryness under nitrogen gas, and reconstituted in 1 mL of THF/EtOH
(1:1, v/v). Catechin standards (0.1–8.0 mM) were prepared fresh
each day before use in 1 mL of THF/EtOH (1:1, v/v). To each test
tube with 1 mL of sample solution or 1 mL of catechin standard solu-
tion, 0.5 mL of 50 mM NaBH4 solution and 0.5 mL of 74.56 mM AlCl3
solution were added. The mixture was shaken in an orbital shaker
(Laboratory-Line Instruments, Inc., Melrose Park, IL) at room temper-
ature for 30 min. Then an additional 0.5 mL of NaBH4 solution was
added into each test tube with continuing shaking for another
30 min at room temperature. Cold acetic acid solution (2.0 mL of
0.8 M, 4 °C) was added into each test tube, and the solutions were
kept in the dark for 15 min after a thorough mix. Thus, chloranil
(1.0 mL, 20 mM) was added into each tube, which was heated at
100 °C with shaking for 60 min in a reciprocal shaking bath (Preci-
sion Scientiﬁc Inc., Chicago, IL). The reaction solutions were cooled
using tap water, and the ﬁnal volume was brought to 4 mL using
methanol. Then, 1 mL of 1052 mM vanillin was added into each
tube, followed by mixing. Concentrated HCl (2.0 mL, 12 M) was
added into each tube, and the reaction solutions were kept in the
dark for 15 min after a thorough mix. Aliquots of the ﬁnal reaction so-
lutions (200 μL) were added into each well of a 96-well plate, and ab-
sorbances were measured at 490 nm using a MRX Microplate Reader
with Revelation work station (Dynex Technologies, Inc., Chantilly,
VA). Total ﬂavonoid content was expressed as milligrams of catechin
equivalents per 100 g of fresh fruit ± SD for triplicate fruit extracts.
2.7. Measurement of Oxygen Radical Scavenging Capacity (ORAC)
The peroxyl radical scavenging efﬁcacy of selected fruit extracts was
measured using the ORAC assay (Prior et al., 2003). Brieﬂy, 20 μL of
blank, Trolox standard, or fruit extracts in 75 mMpotassium phosphate
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clear-bottom, 96-wellmicroplate. The triplicate sampleswere distribut-
ed throughout the microplate and were not placed side-by-side, to
avoid any effects on readings due to location. In addition, no outside
wells were used, as use of thosewells results in greater variation. A vol-
ume of 200 μL of 0.96 μM ﬂuorescein in working buffer was added to
each well and incubated at 37 °C for 20 min, with intermittent shaking,
before the addition of 20 μL of freshly prepared 119 mMABAP in work-
ing buffer using a 12-channel pipetter. Themicroplatewas immediately
inserted into a Fluoroskan Ascent FL plate reader (ThermoLabsystems)
at 37 °C. The decay of ﬂuorescence at 538 nmwasmeasured with exci-
tation at 485 nm every 5 min for 2.5 h. The areas under the ﬂuores-
cence versus time curve for the samples minus the area under the
curve for the blank were calculated and compared to a standard curve
of the areas under the curve for 6.25, 12.5, 25, and 50 μM Trolox stan-
dards minus the area under the curve for blank. ORAC values were
expressed as mean micromoles of Trolox equivalents (TE) per 100 g
of fruit ± SD for triplicate data from one experiment.
2.8. Hydrophilic Peroxyl Radical Scavenging Capacity(PSC) assay
The antioxidant capacity was measured using the PSC assay (Adom
& Liu, 2005). Just prior to use in the reaction, 80 μL of 2.48 mM
DCFH-DA was hydrolyzed with 900 μL of 1.0 mM KOH for 5 min to
remove the diacetate (DA)moiety and then diluted to 6 mL total vol-
umewith 75 mMphosphate buffer (pH 7.4). 200 mMABAPwas pre-
pared fresh in buffer, and each batch was kept at 4 °C between runs
and discarded after 6 h. In a run, 100 μL of pure compounds or food
extracts appropriately diluted in 75 mM phosphate buffer (pH 7.4)
was transferred into reaction cells on a 96-well plate, and 100 μL of
DCFH was added. The 96-well plate was loaded into the plate holder
for the Fluoroskan Ascent ﬂuorescent spectrophotometer (Thermo
Labsystems, Franklin, MA), and the solution in each cell was mixed
by shaking at 1200 rpm for 20 s. The reaction was then initiated by
adding 50 μL of ABAP. The reaction was carried out at 37 °C, during
40 min and ﬂuorescence was monitored at 485 nm excitation and
538 nm emission with the ﬂuorescent spectrophotometer. Data were
acquiredwith Ascent software, version 2.6 (Thermo Labsystems, Franklin,
MA). The areas under the average ﬂuorescence-reaction time kinetic
curve (AUC) for both control and samples (up to 36 min)were integrated
and used as the basis for calculating antioxidant activity according to the
equation: PSC unit = 1 − (SA / CA). Where, SA is AUC for sample or
standard dilution and CA is AUC for the control reaction using only buffer.
Compounds inhibiting the oxidation of DCFH produced smaller SA and
higher PSC units. The median effective concentration (EC50) was deﬁned
as the dose required to cause a 50% inhibition (PSC unit = 0.5) for each
pure compound or sample extract and was used as the basis for compar-
ing different compounds or samples. Results obtained were expressed as
μmol of ascorbic acid equivalents (AAE) per 100 g of sample ± SD for
triplicate analyses.
2.9. Cytotoxicity
The cytotoxicity of fruit extracts toward HepG2 cells was mea-
sured, as described previously by Yoon and Liu (2007) and Felice,
Sun & Liu (2009). HepG2 cells were seeded at 4 × 104/well on a
96-well plate in 100 μL of growth medium and incubated for 24 h at
37 °C. The medium was removed, and the cells were washed with
PBS. Treatments of fruit extracts or antioxidant compounds in
100 μL of treatment medium (WME supplemented with 2 mM L-glu-
tamine and 10 mM Hepes) were applied to the cells, and the plates
were incubated at 37 °C for 24 h. The treatment medium was re-
moved, and the cells were washed with PBS. A volume of 50 μL/well
methylene blue staining solution (98% HBSS, 0.67% glutaraldehyde,
0.6% methylene blue) was applied to each well, and the plate was in-
cubated at 37 °C for 1 h. The dye was removed, and the plate wasimmersed in fresh deionized water three times or until the water
was clear. The water was tapped out of the wells, and the plate was
allowed to air-dry brieﬂy before 100 μL of elution solution (49% PBS,
50% ethanol, 1% acetic acid) was added to each well. The microplate
was placed on a bench-top shaker for 20 min to allow uniform elu-
tion. The absorbance was read at 570 nm with blank subtraction
using the MRX II DYNEX spectrophotometer (DYNEX Inc., Chantilly,
VA). Concentrations of pure compounds or fruit extracts that de-
creased the absorbance by >10% when compared to the control
were considered to be cytotoxic. The median cytotoxic concentration
(CC50) was calculated for each fruit.
2.10. Cellular Antioxidant Activity (CAA)
The CAA of cerrado extracts was assessed using the method of
Wolfe & Liu (2007). Brieﬂy, human hepatocellular carcinoma HepG2
cells were seeded at a density of 6 × 104/well on a 96-well microplate
in 100 μL of growth medium/well. Twenty-four hours after seeding,
the growth medium was removed, and the wells were washed with
PBS. Wells were treated in triplicate for 1 h with 100 μL of treatment
medium containing tested fruit extracts plus 25 μM DCFH-DA. Then
600 μM ABAP was applied to the cells in 100 μL of HBSS, and the
96-well microplate was placed into a Fluoroskan Ascent FL plate reader
(ThermoLabsystems, Franklin, MA) at 37 °C. Emission at 538 nm was
measured after excitation at 485 nm every 5 min for 1 h. Each plate in-
cluded triplicate control and blank wells. Control wells contained cells
treated with DCFH-DA and ABAP. Blank wells contained cells treated
with DCFH-DA and HBSS. Results were expressed as μmol quercetin
equivalents (QE) per 100 g of fresh fruit.
2.11. Measurement of inhibition activity on tumor cell proliferation
Antiproliferative activities of all fruit extracts were measured by
the MTS assay (MTS-based cell titer 96 non-radioactivity cell prolifer-
ation assay) (Promega, Madison, WI) described previously (Liu et al.,
2002; Sun, Chu, Wu, & Liu, 2002). HepG2 cells were maintained in
WME containing 10 mM Hepes, 5 μg/mL insulin, 2 μg/mL glucagon,
0.05 μg/mL hydrocortisone, and 5% fetal bovine serum. HepG2 cells
were maintained at 37 °C in 5% CO2 in an incubator. A total of
2.5 × 104 HepG2 cells in growth media were placed in each well of a
96-well ﬂat-bottom plate. After 4 h of incubation at 37 °C in 5% CO2, the
growth medium was replaced by media containing different concentra-
tions of fruit extracts and puriﬁed compounds. Control cultures received
the extraction solutionminus the fruit extracts, and blankwells contained
100 μL of growthmediumwith no cells. After 72 h of incubation, cell pro-
liferation was determined by colorimetric MTS assay (490 nm) reading
for each concentration compared to the control. At least three replications
for each sample were used to determine the cell proliferation.
2.12. HPLC-MS/MS analysis
The HPLC experiment for the identiﬁcation of phenolic com-
pounds was performed according to Malta et al. (2012), on a Luna
Phenomenex C 18 column (250 × 4.6 mm, 5 μm). The mobile phase
A consisted of water with 0.1% formic acid and the mobile phase B
consisted of methanol with 0.1% formic acid. The gradient elution
began at 85% of A and 15% of B, and it changed to 50% A and 50% B
after 10 min and ﬁnally to 20% A and 80% B in 25 min. The column
equilibration time before each new injection was from 25 to 35 min
under the initial condition. The peaks were identiﬁed by their reten-
tion times by comparing the UV–visible spectra. Some pure phenolic
standards were used for the identiﬁcation such as gallic acid, catechin,
epicatechin, methyl gallate, ethyl gallate, chlorogenic acid, ferulic acid,
propyl gallate, resveratrol, transcinnamic acid, protocatechuic acid,
vanillic acid, rutin, luteolin, rosmarinic acid, kaempferol and apigenin.
Mass spectrometry (MS) data were collected using a ﬁrst generation
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Manchester, UK) equipped with an ESI source and a hybrid quadru-
pole ion mobility orthogonal acceleration time-of-ﬂight (oa-TOF) geom-
etry. Instrument ESI source conditions were as follows: capillary voltage
3.0 kV, sample cone 35 V, extraction cone 3 V, source temperature
100 °C, desolvation temperature 100 °C, desolvation ﬂow rate
300 mL min−1 of N2. For MS experiments, methanolic solutions of
the samples were submitted to ESI(+) and the ions analyzed by TOF
analyzer. For MS/MS experiments, the ion of interest was then selected
in the quadrupole analyzer, fragmented using CID (transfer energy was
increased to values optimized for each species) and transferred to the
TOF analyzer. Structural analysis of single ions in the mass spectra
from the peel of guapeva extract was performed by ESI-MS/MS. For
gabiroba and murici, the identiﬁcation was performed by MS/MS.2.13. Statistical analyses
All results are presented as means ± SD of three replications (three
individual extract per each fruit) and statistical analyseswere performed
using SAS 9.1.3 Service Pack 3 XP-Pro Platform statistical software.
Differences between means were determined by one-way ANOVA
using Tukey's test. Statistical signiﬁcance was deﬁned to be at a level
of p b 0.05.3. Results
3.1. Total phenolic contents
The total phenolics of three selected cerrado's fruits, named
gabiroba, guapeva and murici are shown in Fig. 1. The quantiﬁcation
of these compounds was conducted using the Folin–Ciocalteu's phe-
nol reagent and the results were expressed as milligrams of gallic
acid equivalents per 100 g of fresh weight of fruit. Gabiroba had the
highest amount of total phenolics (851.0 ± 40.7 mg/100 g fruit),
followed by murici (222.2 ± 6.1 mg/100 g fruit) and the pulp of
guapeva (321.1 ± 5.6 mg/100 g fruit). The total phenolic content of
murici was not signiﬁcantly different from that of the pulp of guapeva
(p b 0.05).3.2. Total ﬂavonoid contents
The total ﬂavonoid contents of three Brazilian fruits are shown in
Fig. 1. Signiﬁcant differences in the total ﬂavonoid contents were not
found in comparison between murici and the pulp of guapeva extracts
(p b 0.05), that presented the highest results, 311.6 ± 77.0 and
315.0 ± 3.4 mg of catechin equiv/100 g of fruit, respectively. Gabiroba
presented the value of total ﬂavonoids of 171.0 ± 40.7 mg of catechin
equiv/100 g of fruit.Fig. 1. Total phenolics and total ﬂavonoid contents (mean ± SD, n = 3). Bars with the
same letter are not signiﬁcantly different (p b 0.05).3.3. In vitro antioxidant activity (ORAC and PSC methods)
The in vitro antioxidant activitieswere evaluated using twomethods,
named ORAC and PSC, and the results are shown in Fig. 2. Gabiroba
presented the highest antioxidant activity for both assays (ORAC
8027.5 ± 378.6 μmol TE/100 g fruit; PSC 2342.5 ± 48.1 μmol ascorbic
acid eq/100 g fruit). Murici and the pulp of guapeva were not different
statistically (p b 0.05) for ORAC and PSC. For ORAC assay, murici
presented 3352.3 ± 952.0 μmol TE/100 g fruit, and the pulp of guapeva
presented 3969.3 ± 331.6 μmol TE/100 g fruit, and for PSC, murici
showed 490.6 ± 86.3 μmol ascorbic acid eq/100 g fruit, and the pulp
of guapeva presented 579.1 ± 109.3 μmol ascorbic acid eq/100 g fruit.
For both the employed assays, a high and positive correlation between
total phenolic content and antioxidant activity was found. The correla-
tion between total phenol content and ORAC was R2 = 0.9994 and
between total phenolic content and PSC was R2 = 0.9892. The relation-
ship between total ﬂavonoid content and antioxidant activity (PSC and
ORAC) for three analyzed extracts from cerrado biome was also positive
(R2 = 0.9517 for ORAC and R2 = 0.9799 for PSC).3.4. Cellular Antioxidant Activity (CAA)
The cellular antioxidant activity of selected fruits from cerrado
biome was measured using CAA assay. The CAA values for the fruits,
along with their median cytotoxicity doses, are listed in Table 1. The
results for the analyzed fruits were not signiﬁcantly different from
each other (p b 0.05). The CAA values for murici, gabiroba and the
pulp of guapeva were 41.36 ± 17.89, 33.90 ± 18.87 and 23.38 ±
4.26 μmol quercetin equivalents/100 g fruit, respectively. The cytotox-
icity was evaluated for the used concentrations for the cellular antioxi-
dant activity and the values for CC50 formurici, gabiroba and the pulp of
guapeva were: 81.73 ± 7.62, 35.83 ± 3.56 and 42.40 ± 8.81 mg/mL,
respectively.3.5. Antiproliferative activity
Antiproliferative activity of cerrado's fruits on the growth of HepG2
human liver cancer cells in vitro is summarized in Fig. 3. The results
were expressed as the median effective dose (EC50), with a lower EC50
value indicating a higher antiproliferative activity. The three tested
fruits, gabiroba, murici and the pulp of guapeva presented potent inhib-
itory activity on HepG2 cell growth in a dose-dependent manner,
with EC50 values of 40.7 ± 4.8 and 37.9 ± 2.2 mg/mL, for gabiroba
and the pulp of guapeva, respectively. Murici presented the lowest
antiproliferative activity (173.6 ± 18.2 mg/mL). All the extracts
did not display any toxicity at the concentrations applied in the
experiments.Murici Gabiroba Guapeva Pulp
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Fig. 2. ORAC and PSC antioxidant tests (mean ± SD, n = 3). Bars with the same letter
are not signiﬁcantly different (p b 0.05).
Table 1
CAA and cytotoxicity in exotic Brazilian fruits.
Fruits bCAA (μmol of Quercetin equiv/100 g fruit) cCC50 (mg/mL)
Murici 41.36 ± 17.89 a 81.73 ± 7.62
Gabiroba 33.90 ± 18.87 a 35.83 ± 3.56
Pulp of guapeva 23.38 ± 4.26 a 42.40 ± 8.81
The results were expressed as mean ± SD, n = 3. Values with no letters in common
are signiﬁcantly different (p b 0.05).
b Cellular Antioxidant Activity.
c Cytotoxic concentration.
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Identiﬁcation of the phenolic compounds was carried out by
comparing retention times and mass spectra with those of authentic
standards. If standards were unavailable, phenolic compounds were
identiﬁed on the basis of accurate mass of pseudomolecular [M–H]−
ions and tandemmass spectrometry (MS/MS) data. The phenolic com-
pound named epicatechinwas revealed in the pulp of the fruit guapeva,
usingHPLC (Fig. 4), thereforemany other compoundswere identiﬁed in
the three analyzed Brazilian extracts using ESI-TOF-MS For the
ESI-TOF-MSanalysis in this experiment, we focused on ionswith amax-
imum mass of 1000 m/z. Fig. 4 shows the ESI(−) and ESI(+) TOF-MS
mass spectra for the extract of the pulp of guapeva, gabiroba andmurici.
A total of 33 compounds were identiﬁed via comparison of the experi-
mentalm/z values with the theoretical m/z values from our library and
the literature (Table 2).
4. Discussion
Dietary patterns are thought to inﬂuence the onset and progres-
sion of chronic and degenerative diseases (Liu, 2004). Increased con-
sumption of fruits and vegetables containing high levels of
phytochemicals has been recommended to prevent or reduce oxida-
tive stress in the human body (Chu et al., 2002; Liu, 2004; Wolfe et
al., 2008; Yang, Meyers, Heide, & Liu, 2004). Fruits and vegetables
are a primary food source providing essential nutrients for sustaining
life; they also contain a variety of phytochemicals such as phenolics
and ﬂavonoids, which provide important health beneﬁts (Liu et al.,
2002). The characterization of fruit, exotic or not, has attracted the in-
terest of the scientiﬁc community (Mattietto, Lopes, & Menezes,
2010). Fruits represent an opportunity for local growers to gain ac-
cess to specialized markets, where consumers demonstrate a prefer-
ence for exotic characteristics and the presence of nutrients capable
of preventing degenerative diseases (Souza, Pereira, Queiroz, Borges,
& Carneiro, 2012). Our work has clearly shown that the Brazilian
fruits from cerrado biome, named gabiroba, murici and guapeva
have high phenolic and ﬂavonoid contents.
The determination of total phenolic compoundswas included in this
study because strong correlations between total phenolic compoundsMurici Gabiroba Guapeva pulp
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Fig. 3. Anti proliferative activity (mean ± SD, n = 3). Bars with the same letter are not
signiﬁcantly different (p b 0.05).and antioxidant activity in various kinds of fruitswere found in previous
studies (Almeida et al., 2011; Roesler, Malta, Carrasco, & Pastore, 2006).
Among the cerrado's fruits analyzed, gabiroba presented the
highest amount of total phenolic compounds (851.0 ± 40.7 mg
GAE/100 g fruit). This value is two times higher than the value for
total phenolic content for the fruits wild blueberry and blackberry
(429 and 412 mg GAE/100 g fruit), reported by Wolfe et al. (2008).
The other analyzed fruits, murici and the pulp of guapeva, presented
a content of phenolic compounds lower than gabiroba fruit.
Phenolic compounds are plant secondary metabolites and they
can protect plants from damage caused by drought, UV radiation, in-
fections or physical damage (Fan et al., 2011). It is recognized that the
health effects of food are generally associated with antioxidant activ-
ities or free radical scavenging properties of phenolic components
that existed in food (Chu et al., 2002). The determination of total ﬂavo-
noid levels revealed that no signiﬁcant differences among the murici
and the pulp of guapeva extracts were found, and they presented the
highest values comparing to the gabiroba extract result.
Natural antioxidants present in foods have attracted interest be-
cause of their safety and potential nutritional and therapeutic effects
(Ruﬁno, Fernandes, Alves, & Brito, 2009). Several methods are available
for assessing the antioxidant capacity of foods. Owing to the complex
reactivity of phytochemicals, the antioxidant activities of food and
food extracts cannot be evaluated by only a single method, but at least
two test systems have been recommended for the determination of an-
tioxidant activity to establish authenticity (Tenore, Novellino, & Basile,
2012). Therefore, the antioxidant activity of Brazilian fruit extracts
was conducted using two methods, PSC and ORAC.
More recent methods were modiﬁcations of older methods to make
them more reliable, stable, faster, and simpler to run. One of these
methods is named PSC assay and is used for assessing both hydrophilic
and lipophilic antioxidant capacity of pure antioxidant compounds,
food extracts, and biological ﬂuids toward biologically relevant radicals
and it is based on the oxidation of DCFH by peroxyl radicals (Adom &
Liu, 2005). ORAC is one of the most widely usedmethods. In the typical
ORAC assay, the ﬂuorescent loss of probes as phycoerythrin or ﬂuores-
cein is followed over time in the absence and presence of antioxidant
(Niki, 2010). Gabiroba was the fruit that present the highest results
for in vitro antioxidant activity using the ORAC and PSCmethods, show-
ing the values of 8027.5 ± 378.6 μmol TE/100 g fruit and 2342.5 ±
48.1 μmol ascorbic acid eq/100 g fruit, respectively. Murici and the
pulp of guapeva were not different statistically (p b 0.05) for both the
antioxidantmethods. Comparing our results with other fruits evaluated
for Wolfe et al. (2008), where apples presented ORAC value of 4592 ±
201 and red grape 2605 ± 487 μmol TE/100 g fruit and for Adom & Liu
(2005), where apples showed PSC value of 309.2 ± 3.62, cranberry
1019.9 ± 104.4 μmol ascorbic acid eq/100 g fruit, we conclude that
the Brazilian fruits showed highest antioxidant efﬁcacy.
As noted earlier, correlations between total phenolic compounds
and total ﬂavonoid with antioxidant activity in various kinds of fruits
have been found in previous studies (Liu et al., 2002; Meyers et al.,
2003; Roesler et al., 2006). There is a positive correlation with total
phenolic and ﬂavonoid contents with antioxidant activity.
In this study we observed that there was a positive correlation
between these both antioxidant assays, ORAC (R2 = 0.9994) and
PSC (R2 = 0.9892), and total phenolics. It is the ﬁrst time that
someone makes the correlation between PSC assay and total pheno-
lics. A high relationship between ﬂavonoid content and antioxidant
methods, ORAC (R2 = 0.9517) and PSC (R2 = 0.9799) was ob-
served. This indicates that total phenolic and ﬂavonoid contents
have a signiﬁcant contribution to the antioxidant activity on these ana-
lyzed extracts. It was reported that the majority of the antioxidant ca-
pacity of fruits and vegetables may come from total phenolics and
ﬂavonoids. A variety of dietary plant phenols and ﬂavonoids have
been found to have anticancer activity (Liu et al., 2002). A positive cor-
relation between ORAC and PSC (R2 = 0.9937) was also observed in
422 L.G. Malta et al. / Food Research International 53 (2013) 417–425our study. Cultured cells have often beenused as a substrate to elucidate
the underlying mechanisms of oxidative stress and also to evaluate the
protective effects of antioxidants against various oxidative stressors.
The advantage of using cultured cells is that various different stressors
and cell types including model systems for some speciﬁc disease can
be used for the evaluation of the antioxidant effects. It may be noted
also that cultured cells may become more important, because the use
of experimental animals becomes more difﬁcult in the future (Niki,
2010).
Due to the potential of antioxidants to decrease the risk of develop-
ing cancer and other chronic diseases, it is important to be able to mea-
sure antioxidant activity using biologically relevant assays (Wolfe et al.,
2008). In addition, the cell-based antioxidant assay may be regarded as
a more biological relevant method than the popular chemical antioxi-
dant analytical methods because it accounts for some aspects of uptake,
metabolism, and location of antioxidant compoundswithin cells (Wolfe
& Liu, 2007).
The cellular antioxidant activity was analyzed for gabiroba, the pulp
of guapeva andmurici. The results for these fruits were not signiﬁcantly
different from each other. The CC50 value (mg/mL) of cytotoxicity assayFig. 4. TOFMS ES (+) and (−) and HPLC for exotic Brazilian fruits. (A) TOF MS ES (+) for the
fruit; (D) TOF MS ES (−) for the gabiroba fruit; (E) TOF MS ES (+) for the pulp of guapeva
compound in Guapeva (pulp) using HPLC.for each fruit was calculated for CAA.Wolfe et al. (2008) evaluated CAA
for many fruits, and cranberry and plum presented similar CAA values
when compared with the fruits analyzed on our study.
Endogenous oxidative DNA damage has been considered to be a sig-
niﬁcant factor in the initiation of human cancer. The cancer-protective
effect of vegetables and fruits is attributed to the ability of the antioxi-
dants in them to scavenge free radicals, preventing DNA damage and
subsequent mutation (Liu et al., 2002). The selected fruits from cerrado
biome were added to human liver cancer HepG2 cells to determine if
the extracts could inhibit tumor cell proliferation. The antiproliferative
ability of these Brazilian fruits had not been investigated previously.
HepG2 cells were treated with extracts equivalent to 25.0 to
95.0 mg/mL of murici; 0.5 to 20.0 mg/mL of gabiroba, and 2.5 to
20.0 mg/mL of the pulp of guapeva for 72 h. These levels were chosen
based on preliminary experiments indicating doses that were not cyto-
toxic to cells and resulted in the inhibition of cell proliferation. All ana-
lyzed extracts from cerrado had potent inhibitory effects on HepG2 cell
growth and the inhibition of cell proliferation was observed in a dose
dependent manner after exposure to the extracts. The results for this
assay were expressed as EC50 value (mg/mL). Gabiroba and the pulpmurici fruit; (B) TOFMS ES (−) for the murici fruit; (C) TOF MS ES (+) for the gabiroba
fruit and (F) TOF MS ES (−) for the pulp of guapeva fruit. (G) Identiﬁcation of phenolic
Fig. 4 (continued).
423L.G. Malta et al. / Food Research International 53 (2013) 417–425of guapeva presented the higher inhibitory capability on cancer cell pro-
liferation, with a lower EC50 value signifying a higher antiproliferative
activity, 40.70 ± 4.86 and 37.95 ± 2.24 mg/mL, for gabiroba and the
pulp of guapeva, respectively.
According to Meyers et al. (2003), there was no obvious relationship
between total phenolic content in strawberries and inhibition of cell pro-
liferation. We observed the same correlation between total phenolic/
total ﬂavonoid contents and cell proliferation for studied cerrado's fruits
in our work. Therefore, the inhibition of in vitro tumor cell proliferation
byBrazilian fruits cannot be explained by the concentration of phenolic/
ﬂavonoid compounds alone. This suggests that other phytochemicals
may play a major role in the antiproliferative activity of the studied
extracts. Therefore, the antioxidant activity (ORAC and PSC methods)
was not interrelated with the inhibition of HepG2 cell proliferation by
the extracts of Brazilian fruits, the pulp of guapeva, gabiroba andmurici
greatly inhibited the growth of liver tumor cells in vitro.
Previously, Malta et al. (2012) identiﬁed and quantiﬁed some
compound phenolics in gabiroba and murici fruits, from Brazilian
cerrado biome. Propyl gallate, ethyl gallate and catechin were the
functional compounds found in gabiroba, and ferulic acid and resver-
atrol were found in murici. It was proposed by the same authors that
the phenolic compounds present in these exotic fruits could be in-
volved in the protective effects analyzed in their study. Therefore, tocomplete the chemical characterization of these three Brazilian fruits,
we identiﬁed the phenolic compounds in the pulp of guapeva fruit
using HPLC, according to their retention, mass and UV–vis character-
istics by comparison with 17 commercial standards. After this analy-
sis, unfortunately, only the epicatechin was identiﬁed in the pulp of
guapeva fruit.
According to Maatta, Kamal-Eldin, & Torronen, 2003, the studies
on the quantiﬁcation of phenolic compounds should take into ac-
count the variable structures of their conjugated forms with sugar,
for example. Therefore, the masses of the sugars bound to the agly-
cons and the speciﬁc fragmentation patterns of the compounds
should be used for the identiﬁcation of the chromatographic peaks.
Whenever possible, chromatographic retention should be used to
support the tentative identiﬁcation of some peaks, however, this is
sometimes complicated by the fact that retention is governed not
only by the polarity of the molecules but also by their size. The pres-
ence of molecules of sugar, such as glucose, deoxyhexoses, pentoses
and xylose conjugated with the structure of phenolic compounds
could be the reason for the difﬁculty of identifying the compounds
in the pulp of guapeva, gabiroba and murici extract using only the
HPLC method.
Therefore, for structure identiﬁcation, ESI–TOF-MS was used and
the extracts were analyzed by direct insertion both in the negative
Table 2
Identiﬁed compounds in exotic Brazilian fruits (pulp of guapeva, murici and gabiroba)
analyzed by ESI(−)-MS/MS.
ESI-MS ions (m/z)
Compounds Extracts
Pulp of
guapeva
Gabiroba Murici [M_H]−_ m/z
(−) Epicatechin X 289
(+) Catechin X X 289
(E)GC–(E)GC (Epigallocatechin–
Epigallocatechin)
X 602
3-O-caffeoylquinic acid X X 353
3-p-Coumaroylquinic acid X 337
3,5-Dicaffeoylquinic acid X 515
Caffeic acid X X X 179.09
Caffeic acid derivative X X 335
Caffeic acid hexose derivative X 534
Caffeoylhexose X X X 341.18
Caffeoylquinic acid X 353
Caffeoyltartaric acid X X 311
Diferuoylquinic acid X 543.13
EGC (Epigallocatechin) X X 305
Ellagic acid X 301
Ferulic acid X 193.07
Ferulic acid hexose derivative X 449
Feruloylhexose X 355
Feruloylquinic acid X 367
Gallic acid X 169
Kaempferol hexoside malonate X X X 533
Malic acid H X X 133.04
Malic acid water — H X X 115.02
Myricetin hexose deoxyhexoside X 625
Myricetin hexoside X 479
P coumaroylhexose X X 325
Quercetin 3 O arabinose X 433
Quercetin hexoside X X 463
Quercetin hexoside malonate X X 549
Quinic acid X 191.05
Vanilloylhexose X X 329
Xanthoxylin X X X 195
424 L.G. Malta et al. / Food Research International 53 (2013) 417–425and positive ion modes. However, ESI (+) MS ﬁngerprints produce by
far the most characteristic mass spectra; hence only the ESI (−) MS
data will be presented and discussed. This method in the negative
ion mode provides a sensitive and selective method for the identiﬁca-
tion of polar organic compounds with acidic sites, such as the pheno-
lic, organic acids and sugar compounds found in the three studied
extracts (Roesler et al., 2007). The use of the gentle ESI technique or
ambient ionization techniques also permits the detection of constitu-
ents in intact molecular forms (Corilo et al., 2010). The masses of the
sugars bound to the aglycons and the speciﬁc fragmentation patterns
of the compounds were used for the identiﬁcation of the chromato-
graphic peaks. The bound sugar moieties consist of hexoses with mass
unit of 162 (glucose or galactose), deoxyhexoses with a mass unit of
146 (rhamnose) and pentoses with a mass unit of 132 (xylose or arab-
inose) (Maatta et al., 2003).
The major phenolic components identiﬁed for murici extract by
ESI–MS were: 289, 353, 179.09, 335, 341.18, 193.07, 449, 169, 533,
133.04, 115.02, 325, and 463, 195 m/z, by comparison from data
found in the literature (Garrett et al., 2013; Maatta et al., 2003;
Rodrigues et al., 2012; Roesler et al., 2007).
The ESI-MS ﬁngerprints of the pulp of guapeva show an ESI (−)
MS typical for pulp extracts. Only sugars and organic acid anions are
observed as 289, 602, 179.09, 534, 543.13, 341.18, 353, 311, 305,
533, 133.04, 115.02, 325, 549, 329, and 195 m/z. The ESI-MS ﬁnger-
prints of the gabiroba identiﬁed a much greater variety of major com-
ponents which include: 289, 353, 337, 515, 179.09, 335, 341.18, 311,
305, 301, 355, 367, 533, 625, 479, 433, 463, 549, 191.05, 329, and
195 m/z. The summary of the main compounds found in each extract
is shown in Table 2.In conclusion, the exotic Brazilian fruits, gabiroba, murici and the
pulp of guapeva showed excellent antioxidant and antiproliferative
capacities and highest phenolic and ﬂavonoid contents. It is likely
that the rich composition of these fruits particularly the presence of
phenolic compounds explain its higher functional activities due to
the high level of correlation between the phenolic compounds and
antioxidant potential.
5. Conclusions
In the last few years, the role of natural dietary antioxidants in the
prevention of diseases like cancer has been investigated in several stud-
ies. Our results studied three Brazilian cerrado fruits named gabiroba,
murici and guapeva. The results showed that, the higher total phenolic
and total ﬂavonoid content of Brazilian fruit extracts, the stronger is the
antioxidant activity for two different methods, PSC and ORAC. Gabiroba
presented the highest value for total phenolic contents and also for the
antioxidant activity. The CAA and total ﬂavonoid contentswere evaluat-
ed and the results for all fruitswere not signiﬁcantly different from each
other. All the fruits showed potent inhibitory activity on HepG2 cell
growth in a dose-dependent manner, and the best results were for
gabiroba and the pulp of guapeva. The epicatechin was found in the
pulp of guapeva and the phenolic compounds present in the analyzed
Brazilian fruits could be involved in the antioxidant activity. These re-
sults reveal Brazilian fruits as a source of natural antioxidants and
antiproliferative agentswith application in the food and pharmaceutical
industry. To our knowledge, this is the ﬁrst time the total antioxidant
and antiproliferative activity of Brazilian fruits from biome cerrado
have been measured.
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